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Facilitating fluency in adults who stutter
This scientiﬁc commentary refers to
‘Transcranial direct current stimula-
tion over left inferior frontal cortex
improves speech ﬂuency in adults
who stutter’, by Chesters et al.
(doi:10.1093/brain/awy011).
Being able to speak ﬂuently is some-
thing most of us take for granted.
However, for the estimated 70 million
people worldwide with persistent devel-
opmental stuttering, speaking is a tense
struggle to get words out. This can
result in avoidance of speaking in
some or many situations, with fear
and anticipation of stammering affect-
ing personal interactions, education
and employment prospects (Boyle,
2015). As such, stuttering is not
simply a speech difﬁculty but a serious
communication problem. For children,
behavioural interventions can work
(Nye et al., 2013). However, for the
1% of cases where stuttering persists
to adulthood, changing the way
speech is produced to maintain speech
ﬂuency is a particular challenge and
there is a need for novel interventions
(Howell, 2011). In this issue of Brain,
Chesters and co-workers examine
whether application of transcranial
direct current stimulation (tDCS) con-
current with ﬂuency training can
improve speech ﬂuency in people who
stutter (Chesters et al., 2018).
In a double-blind randomized con-
trolled trial, 30 people who stutter
underwent ﬂuency training while
receiving either anodal tDCS de-
livered over the left frontal cortices
for 5 days (1 mA for 20min/day),
or sham stimulation. Outcomes were
measured in terms of changes to stut-
tering severity both 1 and 6 weeks
post-therapy. The behavioural inter-
vention increased ﬂuency immediately
in all participants but only the people
who stutter who received anodal
tDCS maintained speech gains at
both follow-up testing points. These
results provide new insights into neu-
roplasticity in people who stutter in
response to intervention, but at the
same time raise a number of questions
relating to (i) how to understand the
behavioural consequences of tDCS;
(ii) what role the left frontal cortices
have in speech ﬂuency; and (iii) how
applicable these ﬁndings are to the
goal of treating stuttering.
First, the speech changes observed
by Chesters et al. took the form of
reductions of disﬂuencies across two
speaking tasks, reading and conversa-
tion 1 week post-therapy. In the
reading task only, these reductions
were maintained 6 weeks later. The
authors interpret their results as evi-
dence that speech samples taken
during reading tasks provide a more
sensitive measure of disﬂuency. This
is certainly one potential account.
Yet we are still left with the question
as to why the decreases in disﬂuency
during the 5 days of intervention
were greater during reading than con-
versation tasks only for the anodal
tDCS group. From a methodological
perspective, the behavioural invention
was composed of two tasks: choral
speech, which involved reading pas-
sages in unison with a live and then
a recorded voice, and metronome-
timed speech during cartoon narrations
and conversations on random topics.
Based on their intervention design,
this means that Chesters et al. paired
what one presumes is half their anodal
tDCS dose with reading tasks that mir-
rored the reading outcome measures. It
is not clear how long anodal tDCS was
paired with the metronome conversa-
tion task. It has been suggested that
anodal tDCS may induce facilitation
when the task is well-trained or famil-
iar, but such facilitation is not present
during performance of a novel task
(Dockery et al., 2009). This may go
some way towards explaining why
Chesters et al. found a difference in
outcomes between their two tasks.
TDCS itself cannot induce an over-
threshold depolarization of neurons
directly but can modulate the ﬁring
rate of the stimulated brain area. It
will only induce the ﬁring of neurons
that are near threshold, which means
that neurons not inﬂuenced by the
task are less likely to discharge. In
Chesters et al.’s well-practiced reading
aloud task, the signal-to-noise ratio
within the neural network is already
above threshold. With anodal tDCS,
the neural noise induced by stimulation
is reduced so that the task input signal
emerges clearly from the noise, thereby
facilitating processing (Miniussi et al.,
2013). This is evocative of Hebbian-
like plasticity mechanisms. The com-
bination of anodal tDCS with reading
ﬂuency is similar to co-activation of a
speciﬁc network modulating ongoing
long-term potentiation—like changes
that outlast the stimulation, leading to
consolidation of changes in reading ﬂu-
ency performance. In their less-trained
conversation task the context is differ-
ent: the variability of the task likely
meant variability of synaptic input
function, meaning there was more
background noise in the system and
little consolidation of the neural net-
works. In this case, anodal tDCS
would not help task performance as it
would increase both the signal and the
noise in the system, both being close to
threshold. In this sense, anodal tDCS
would not perturb the neural system
supporting the conversation task’s be-
havioural processes nor lead to (long-
term) conversation ﬂuency change. In
sum, tDCS requires ongoing learning
in order to promote or modify plasti-
city to prime the behavioural system
and produce corresponding speciﬁc ef-
fects in the cognitive system.
Second, what can we conclude about
the role of left inferior frontal cortices
in speech ﬂuency in people who stut-
ter? Chesters et al. proposed that this is
a key brain region to support ﬂuent
speech on the basis of previous func-
tional and structural imaging studies
in people who stutter showing it to
be structurally anomalous (Watkins
et al., 2008) or functionally under-
activated (Budde et al., 2014). They
targeted this region using a tDCS mon-
tage with the reference electrode placed
944 | BRAIN 2018: 141; 936–948 Scientific Commentaries
 The Author(s) (2018). Published by Oxford University Press on behalf of the Guarantors of Brain.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.Downloaded from h tps://academic.o p.com/brain/article-abstract/141/4/944/4954166
by Institute of Child Health/University College London user
on 16 April 2018
over the right supra-orbital cortex and
the anode electrode (standard 7  5 cm
size) placed over the left inferior frontal
cortices also encompassing the ventral
sensorimotor and premotor cortices.
Thence extensive brain areas (not just
inferior frontal cortices) were stimu-
lated by Chesters et al. and the current
ﬂow between electrodes was widely
distributed, potentially including sub-
cortical structures.
Complex behaviours like speech pro-
duction recruit large-scale bilateral
neural systems. TDCS may, therefore,
modulate task-related connectivity of
regions distant to the stimulation site
as well as task-related areas beneath
the electrodes. This implies that the
net behavioural effects evolving after
stimulation are likely based on a remo-
delling of the whole task-engaged
network; speciﬁcally, in the case of
speech ﬂuency, the behavioural effects
reﬂect complex and potentially bilat-
eral network interactions rather than
changes in a single left frontal speech
region. Indeed, Neef and colleagues’
combined functional MRI-diffusion
tensor imaging data suggest that right
fronto-temporal networks play a com-
pensatory role as a ﬂuency-enhancing
mechanism in people who stutter
(Neef et al., 2018). While Lu and col-
leagues found increased functional acti-
vation in left ventral inferior frontal
cortices and insula on a reading task
after a 7-day behavioural intervention
(also reading-based) for stuttering (Lu
et al., 2017). Their data combined
with Chesters et al.’s reading data
suggest that customizing tDCS to the
task-induced neural activation during
training is likely to increase speciﬁcity
of effects. Nonetheless, the spatial reso-
lution of tDCS is very low. Whether
and how reduction in disﬂuencies
induced by anodal tDCS placed
over left frontal cortices paired with
ﬂuency interventions relates to the
connection strength of co-activated
(hypo and hyper) bilateral frontal re-
gions to other brain areas remains an
open question. In people who stutter,
left inferior frontal cortices may be nei-
ther the only nor the optimal site for
neuromodulation to affect speech ﬂu-
ency intervention outcomes.
At present, there are no universally-
accepted methods or ‘gold standards’
for the treatment of people who stut-
ter against which new or experimen-
tal interventions can be compared and
no clear criteria to assess treatment
efﬁcacy. While clinically meaningful
outcome measures have not been es-
tablished, most therapists, clinicians,
and researchers in the ﬁeld would
probably agree that a treatment































































Figure 1 Effects of behavioural interventions plus anodal or sham tDCS at brain and behavioural levels in persistent
developmental stuttering. (A) Training. Top: Photo of a standard tDCS kit that is paired with behavioural interventions. The speech fluency
intervention used by Chesters et al. involved delivering tDCS (sham or anodal) concurrently with choral (reading based) and metronome-timed
(including conversation) speech tasks. Speech fluency during reading and conversation tasks was then assessed after each day of intervention (n = 5) and
at 1 and 6 weeks post-intervention. (B) Brain systems level. Top: Region-specific speech effects are illustrated relative to the location of the stimulating
electrode. Yellow = left hemisphere BOLD response, overlaid on a canonical brain for the contrast ‘speaking relative to rest’ in a functional MRI study of
healthy subjects. Green box indicates the approximate edge of the electrode (35 cm2) placed over the left frontal cortex. Middle and bottom: Illustrations
of the possible neural response for reading and conversation tasks in the left frontal cortices underneath the stimulating electrode. Those neurons that
respond according to the task-goal are displayed as target signal (red), all other sources of activity that are not associated with the final task-goal are
defined as neuronal noise (grey). Plots show the interaction between target signal and noise when subjects read aloud (top), or engage in a conversation
(bottom). The threshold represents the minimum signal intensity for neurons to contribute to the final speech task. The tDCS plots represent possible
effects of anodal stimulation on the neurons that fire in response to the task demands. A pattern can be seen in the interaction between the task state
and tDCS-induced activity. (C) Behavioural after-effects of anodal tDCS (yellow) versus sham (blue). The final behavioural outcome each day is likely
dependent on the final neuronal patterns as shown in B schematic plots. Middle: Reading performance. Bottom: Conversation performance. The bars
indicate the mean change in percentage of disfluencies (ds), where a high number indicates more fluent speech.
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(i) subjects show signiﬁcant improve-
ment in trained tasks compared to un-
trained tasks; (ii) these behavioural
effects persist beyond the training
period; and (iii) any improvement in
ﬂuency-based measures generalizes to
real-world contexts. Chesters et al.
have shown that anodal tDCS
paired with a ﬂuency intervention was
safe and well-tolerated in a sham-con-
trolled study in 30 people who stutter.
The group who had anodal tDCS
paired with their training signiﬁcantly
improved speech ﬂuency compared to
those who received the ﬂuency interven-
tion alone. The ﬂuency gains were
maintained for up to 6 weeks after
therapy on reading-based tasks that
were arguably trained more during the
tDCS intervention. The results were not
only statistically signiﬁcant but the stan-
dardized effect sizes were large using
Cohen’s d. Given the small sample
size and the low dose of intervention
(5 days), these results are promising.
That the participants did not report a
signiﬁcant improvement in their func-
tional speech skills is perhaps not
surprising. This may be because the
outcome measure used, OASES
(Yaruss and Quesal, 2006), focuses on
the psychosocial impact of stuttering
and as such is ill-equipped to detect
increased speech ﬂuency, or because
increased speech ﬂuency during reading
may have little applicability in daily life.
In the search for more effective and
longer-lasting interventions, combining
training and brain stimulation seems
reasonable. The appeal of tDCS is its
portable, inexpensive, safe and rela-
tively simple set-up. The challenge for
the treatment of people who stutter is
to take a clinically effective stuttering
intervention, understand its neural
mechanism of action and, from these
data, identify a candidate site for neu-
romodulation. Only then will tDCS
have the potential—not as a complete
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Measures of metabolism provide insights into
hippocampal sclerosis
This scientiﬁc commentary refers to
‘FDG-PET in tau-negative amnestic
dementia resembles that of autopsy-
proven hippocampal sclerosis’, by
Botha et al. (doi:10.1093/brain/
awy049).
The ﬁnancial and social costs asso-
ciated with dementia care highlight
the need for accurate biomarkers to
detect and diagnose dementing dis-
orders in vivo. While Alzheimer’s dis-
ease makes up the majority of
dementia cases (Barker et al., 2002),
cognitive dysfunction can result from
other disorders such as frontotemporal
dementia (FTD), Lewy body disease,
vascular pathology, and hippocampal
sclerosis. While these dementias have
distinct aetiologies, they can often
overlap in aspects of their clinical pres-
entation (Ala et al., 2000; Blass et al.,
2004; Nelson et al., 2011). Further, it
is highly common at autopsy for indi-
viduals to possess multiple pathologies
(Barker et al., 2002), meaning that the
presence of a biomarker for one dis-
ease does not rule out the presence of
another. Hippocampal sclerosis is a
common neuropathological ﬁnding
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